Measurement of the ac power loss of (Bi,Pb) ,Sr,Ca,Cu;0, composite tapes
using the transport technique
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The transport self-field ac loss voltages(Bi,Ph),Sr,CaCu0, (Bi-2223) multifilamentary tapes
depend strongly on the voltage lead configuration. We have measured the loss voltage as a function
of the measuring circuit loop size defined by the voltage leads and the tapes for well-defined lead
geometries. The loss signal was found to reach a limiting value when the length of the loop
transverse to the tape was several times the tape width. This limiting voltage represents the “true”
self-field ac loss as predicted by new theoretical analysis.1995 American Institute of Physics.

Ag-sheathedBi-2223) tape conductors provide the po- below the critical current=® This dependence of the appar-
tential for a host of superconducting applications at elevate@nt loss voltage on the location of the voltage leads has led to
cryogenic temperatures. Some of the most attractive applicasome skepticism as to the validity of the transport technique
tions require these conductors to perform well upon the apwhen applied to these tape conductors. Campbell has recog-
plication of an ac current and/or an ac magnetic field. The aaized that this positional dependence on the leads arises from
power loss of the superconducting wire is a major factor inthe asymmetry in the magnetic flux distribution near the
assessing the application’s economic viability, and thus, mustample due to the high aspect ratio of the conducta.the
be well-understood. voltage leads are placed at different positions relative to the

The two most commonly used methods to extract thecenter of the sample, the flux captured by the measuring
power loss are electrical techniques in which eitfigrcur-  circuit changes, and correspondingly, so does the total volt-
rents are induced in the superconductor by the application aige signal induced. This voltage signal carries a lossy com-
an ac magnetic field and a voltage proportional to the electriponent since the flux distribution is hysteretic. Ideally, the
field is generated in a pickup coil surrounding the samplevoltage leads should be brought far from the tape before
(the magnetic technigiieor (2) current is driven in the twisting to encompass all of this loss flux contribution, al-
sample and the resulting longitudinal voltage is measurethough it was suggested that smaller loop would be adequate
with electrical leads attached to the sampilee transport from a practical point of view. This suggestion requires a
technique. In both cases, the power dissipation is related tomodification to the common practice of twisting the voltage
the part of the voltage which is in-phase with the driving lead wires at the surface of the tape to minimize the pickup
signal[magnetic field in(1) or current in(2)]. However, the  which is assumed to be an unwanted quadrature voltage. In
current flow pattern generated in the conductor is not thehis letter, we show experimentally that by choosing to close
same for the two methods. Moreover, because the Bi-222fhe loop circumscribed by the conductor and the voltage
system is anisotropic, and these bulk materials are inhomdeads several tape widths from the conductor, a limiting volt-
geneous, it is not obvious that the power loss for such tapesge is obtained from which the true transport loss can be
obtained using these two different methods can be directlgletermined directly.
related. This is supported by studies that have found the “ap- The transport losses were measured on 30 cm sections
parent” power loss measured using the transport technique tout from production scale lengtlis-225 m) of Bi-2223 mul-
be one to two orders of magnitude larger than that measuretifilamentary wire manufactured at American Superconductor
using the magnetic techniqde® Thus, from a practical Corporation using an oxide powder in tut@PIT) method®
standpoint it is essential in Bi-2223 tapes to choose the med&wo multifilamentary wires with 61 and 85 filaments were
surement technique to simulate as closely as possible thetudied with fill factors of 35% and 22%, respectively. A
operating conditions of the application of interest. In particu-standard four probe measurement, with a 25 cm voltage tap
lar, for an application in which the predominant currents areseparation, was employed to obtain the dc and ac transport
driven rather than induced, such as the power transmissiovoltages. The value of the dc critical curremt)( values for
line, utilization of the transport technique is required. the 61 and 85 filament conductors were 29 and 34 A, respec-

Several authors have recently demonstrated that the apively, as determined using a &V/cm criterion. Several
parent loss voltage in monocore Bi-2223 tape conductorpairs of voltage lead wires were fixed to two thin G-10 plates
measured using the transport technique depends on the posi- well-defined geometries before soldering them to the
tion of the voltage leads when the driving current is well sample. The resulting measuring circuits circumscribed by

Appl. Phys. Lett. 67 (21), 20 November 1995 0003-6951/95/67(21)/3189/3/$6.00 © 1995 American Institute of Physics 3189

Downloaded-27-Sep-2004-t0-128.253.229.12.-Redistribution-subject-to-AlP-license-or-copyright,~see=-http://apl.aip.org/apl/copyright.jsp



-1
~ 10 .
— E 4g2 [ o 6t filaments
2 2 1g3 | © 8 filaments
S 2 .4 | —3.5*Norris Equation
8 -ﬁ S 105 F F
) gof o 10 F 1
i 61 Sﬁg 000 o Center Il 8 6| 3
® 10 & ° 3 10
g 2 60 © Edge = 167 | ]
10 % o ° ax=3w 1§ 2 16°
o = F -
: v X=6wW LIC.I 10_9 , ,
~ .3l () I 0.01 0.1 1
S 10F 1 X )
° -4 Mg
% 10 ¢ A ! [ E
3 16%1 of o° ]
> 10_6 £ n,mﬁ"‘:.".. FIG. 2. The dependence of the energy loss per cycle per unit length on the
g 10 ¢ g " o o Center 1 3 reduced current is displayed for two composite conductors with different
- 107 & e o *’ ¢ az=3w ] filament counts. In addition, a curve proportional to the energy loss pre-
b O z=6w dicted by Norris(Ref. 1) for a superconductor with an elliptical cross
section is shown.
g3t @ ]
S
< -4 f 3 A . .
= 10_5 u“}‘ when they lie along the center of the tape and are immedi-
= r A 1 . H
g 0 R ately twisted(centerl), as has been previously observed.
" a o .
8101 et e 0 Centerlly However, when the leads are twisted further away from the
- 108“ s ® ¢ o Cepterly tape, the loss voltage actually decreases, reaching a limiting
1077 0 50 value as demonstrated in the figure for 3w and x= 6w,
1(A) wherew is the tape width. For the perpendicular geometry,

the loss voltage is observed to initially increase ©$0 as
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length of the measuring circuit transverse to the tape. The wire configura- .
9 9 P 9 widths (z) greater than &. The agreement of the loss volt-

tions for the two geometries are shown in the respective insets. A compari - ) = Vo
son of the ad—V curves when the leads run along the center of the tape and@ges for the centdrand centel. geometries provided in Fig.

are closed at a transverse distance of three times the tape @widfor the 1(c) confirms the reproducibility of our measurements. The
two geometries is made ). independence of the limiting voltage on the orientation of the

measuring loop, demonstrated by the coincidence of the ac

the tape and voltage wires were rectangles with different—V curves forx=3w andz=3w also shown in Fig. Xc), is
transverse distances. The two wires assemblies wergrong evidence that a measurement of the true loss voltage
mounted parallel to the tape-plafsee the inset of Fig.(2)] has been achieved. A detailed theoretical analysis, to be de-
and normal to the taple along its midplafsee the inset of scribed else_wher%,confirms_that for practical purposes a
Fig. 1(b)] which shall be referred to as the parallel and per-©ad loop width of v is sufficient for a few percent accu-
pendicular geometries, respectively. We denote the trand@cy In determining the true loss.

verse distances that the voltage leads are brought away from The energy loss per cycle per unit length as calculated
the tape before twisting them asfor the parallel geometry from the true loss voltage is plotted against the rms value of

andz for the perpendicular geometry. For leads placed alond€ | normalized current for both the 61 and 85 filament
the center of the tape, we distinguish between two geomg,amples in Fig. 2. The two samples exhibit identical behavior

etries: one in which the twisted part of leads are broughf'\’ith an approximate cubic dependence on the current at low

away parallel to the tapgabeled centelf), the second way in values ofl/l.. Our data on multifilamentary tapes is quali-

which they are brought away perpendicular to the tépe tatlvely10 similar to earlier results on monofilamentary
beled center ). tapes>'® We also show a curve proportional to the result

Current was supplied to the samples with a Valhalla Cur_calculated by NorriS for the self-field hysteretic_ losgper
. : . cycle per unit lengthL., of a superconductor with a trans-

rent calibrator voltage-controlled by a synthesized function . e -

rse elliptical cross section:

generator. The voltage across the sample was measured with

a dual phase lock-in amplifier whose phase was established ol 2 (2—F)F

with the voltage across a noninductive shunt in series with L= (1-F) In (1_F)+T ,

the sample. The phase setting and intrinsic response of the

lock-in amplifier were sufficient to obviate the use of a com-whereF=1/I, and u, is the permeability of free space. For

pensation voltage for the quadrature component. The timedemonstrative purposes, the averdgevalue for the two

averaged power loss was calculated from the product of theapes(31.5 A) was used in this Norris formula. The func-

rms current and the rms voltage in-phase with the current. tional dependence of the energy loss agrees well with the
The rms loss voltage as a function of rms curr@ati-V ~ Norris equation deviating from it as thie is approached

curve at a frequency of 55 Hz for the parallel geometry is because of the flux flow effects, and ultimately, current trans-

shown for the 61 filament sample in Fig(al When the fer to the shunting Ag sheath. However, the value of the

voltage leads run along the edge of the tape-W/2), the  energy loss for a given current is3.5 times the value pre-

loss voltage is larger by an order of magnitude than thaticted by the Norris formula. This discrepancy may arise
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